Objectives: Whether automated peritoneal dialysis (APD) is a feasible strategy in perioperative period of uremic patients undergoing nonabdominal surgery remains unclear. This study was conducted to research the perioperative management and the best choice of dialysis modalities for peritoneal dialysis patients. Materials and methods: A retrospective analysis was made on the clinical data of 58 ESRD patients who had received peritoneal dialysis for more than three months were treated with APD during perioperative period from July 2015 to March 2018 in the Second Affiliated Hospital of Soochow University. The differences of clinical parameters, such as urine volume, ultrafiltration volume, hemoglobin, renal function and electrolytes were collected and analyzed before and after APD. Results: The vital signs of 58 patients were stable after APD treatment, and there were no significant differences in 24-hour urine volume, hemoglobin and electrolytes (calcium, phosphorus, potassium, sodium) before and after surgery (P>0.05). Compared with those before treatment, the amount of ultrafiltration increased significantly (P<0.05), creatinine, urea nitrogen and parathyroid hormone decreased significantly (P<0.05), while albumin decreased (P<0.05). Conclusion: Application of APD for peritoneal dialysis patients undergoing nonabdominal surgery during the perioperative period is safe and effective.
Introduction
Peritoneal dialysis (PD) has become a common renal replacement therapy for patients with end-stage renal disease (ESRD) because of its advantages in protecting the residual renal function, improving the quality of life, and maintaining the stability of the hemodynamics.
1,2 Automated methods for delivering PD to persons with ESRD continue to gain popularity worldwide, particularly in developed countries. 3 If one individualizes the therapy by adjusting diurnal dwell times, osmotic agents, and/or dextrose concentration, automated peritoneal dialysis (APD) seems to work for patients of all transport types. 4 Its advantages lie not only in the increased ability of APD to achieve adequacy and ultrafiltration targets, 5 but also APD can greatly reduce the time the patient dedicates daily to his/her treatment, providing more free time for leisure activities and for work. 6 With the continuous improvement of peritoneal dialysis technology, the survival time of patients has improved significantly, and the number of patients who need surgery with complications is increasing. 7 In patients with ESRD there are many complications, such as high toxin level, malnutrition, anemia, and abnormal coagulation function, so the risk of operation is significantly higher than that of the normal patients, and the mortality in the perioperative period is also significantly higher. 8 In recent years, APD has been reported to be used for emergency dialysis after abdominal wall hernia repair, 9 severe heart failure 10 and new peritoneal dialysis catheter implantation in peritoneal dialysis patients.
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However, there are few reports on the perioperative application of peritoneal dialysis patients. Especially, for nonabdominal operations, it is still unclear whether the use of APD during the perioperative period can achieve significant clinical efficacy and help patients to pass the perioperative period successfully. Here, we will focus on the role of APD and its functions.
Materials and methods Participants
Data of 90 ESRD patients with peritoneal dialysis undergoing surgery in the Second Affiliated Hospital of Soochow University from July 2015 to March 2018 were collected. Inclusion criteria included: age between 18 and 70 years, male or female; diagnosis of ESRD; peritoneal dialysis treatment ≥3 months; need APD treatment during perioperative period after nonabdominal due to various complications. The following criteria were used to exclude patients from this study: patients undergoing abdominal surgery; patients undergoing temporary hemodialysis or continuous renal replacement therapy (CRRT) treatment during the perioperative period. Finally, a total of 58 cases were included in the study. The relevant clinical data and laboratory indexes were recorded before and after APD treatment.
Dialysis mode
All patients were treated with Baxter's dual system dialysis pipeline and lactate dialysate in the continuous ambulatory peritoneal dialysis(CAPD) or daytime ambulatory peritoneal dialysis(DAPD) before operation and the regimens were 3-5 cycles of 2,000 mL over 2 hours . The patients who have undergo surgical treatment were treated with the mode of continuous circulating peritoneal dialysis (CCPD) with FM-1 APD machine made by China Jilin Provincial Morestep Medical Equipment Co., Ltd. During the day, 2 L peritoneal dialysate was placed in the abdomen. At night, the dialysate was exchanged 3-4 times by computer operation, 1-3 L each time. Specific types of peritoneal dialysis fluid depend on the patient's own situation.
Data collection
The general information for each research object(age,gender, start time of dialysis, primary diseases, complications), and surgical related data (operative name, surgical related diseases) were all enrolled. At the same time, the laboratory data, 24-hour urine volume, ultrafiltration, hemoglobin (Hb), serum creatinine (Scr), urea nitrogen (BUN), calcium, phosphorus, potassium, sodium, parathyroid hormone (PTH) and blood albumin (Alb), and other related indexes were observed before and after the treatment of APD.
Statistical methods
Statistical analyses were performed using SPSS for Windows version 22.0 (IBM Corporation, Armonk, NY, USA, ). Continuous data were expressed as mean ± SD, and categorical data were expressed as absolute value and percentage. Normal distribution data were analyzed by the paired t-test and nonparametric tests are used for data which do not conform to normal distribution. P<0.05 was considered statistically significant.
Ethical considerations
Ethical approval was obtained from the Ethics Committee of the Second Affiliated Hospital of Soochow University. The requirement to obtain written informed consent from each patient was waived because this was an observational retrospective study. All patient information was confidential, and data were analyzed anonymously. This study was conducted in accordance with the Declaration of Helsinki.
Results

Demographic and baseline characteristics of subjects
A total of 58 ESRD patients who were treated with APD during the perioperative period were enrolled, including 31 (53.4%) males and 27 (46.6%) females, with an average age of 55.41±13.94 (range: 22-69) years. The average age of dialysis in these 58 patients was 46.31±21.24 months. The other baseline conditions and surgical classification of 58 patients are detailed in Table 1 .
Comparison of changes in parameters before and after APD treatment
All patients who met the criteria were treated with automated peritoneal dialysis on the first day postoperation. After one week of APD treatment, there was no significant difference in 24-hour urine volume, hemoglobin and electrolyte (calcium, phosphorus, potassium and sodium) in 58 patients (P>0.05). However, the amount of ultrafiltration increased significantly, creatinine, urea nitrogen, PTH and so on significantly decreased, albumin was lower than before treatment, the difference was statistically significant (all P<0.05, Table 2 ). There were 2 patients with complications after operation, one of which was local infection and bleeding and the other one was bleeding after parathyroidectomy. All patients improved after treatment with anti-infection and hemostasis.
Discussion
With the increasing number of patients with ESRD, the number of patients requiring surgical treatment due to uremia-related complications such as secondary hyperparathyroidism, fracture and a series of other factors is increasing. At present, no consensus has been reached on the selection of dialysis mode during perioperative period in China. The traditional view is peritoneal dialysis patients need to change into hemodialysis or CRRT during the perioperative period. 12 Abroad, there are many studies on APD in peritonitis, 13 residual renal function, 14 quality of life 15 and survival rate, 16 but the application of APD in the perioperative period is very rare. Therefore, the study of APD in perioperative peritoneal dialysis patients with nonabdominal surgery has a certain clinical significance. Notably, the utilization of APD is increasing worldwide. The latest research shows that the number of APD Notes: PTH are expressed as the median (interquartile range). The other laboratory indicators are expressed as the mean ± SD. A paired t-test was used to evaluate differences in parameters before and after APD (P<0.05). Abbreviations: ADP, automated peritoneal dialysis; Hb, hemoglobin; Scr, creatinine; BUN, urea nitrogen; Ca, calcium; P, phosphorus; K, potassium; Na, sodium; PTH, parathyroid hormone; Alb, blood albumin.
treatment models used in the long-term maintenance of peritoneal dialysis in Canada is more than 60%, and the proportion in the US has already increased from 54% to 70%. 17, 18 However, in China, APD treatment has not yet been included in the coverage of medical insurance, so the use of APD is far less frequent than in Western countries. With the development of the world economy, the utilization and related studies of APD at home and abroad have been increasing year by year. APD has been reported to be used for urgent-start PD treatment, [19] [20] [21] heart failure, 10, 22 and sleep monitoring. 23 However, the application of APD in the perioperative period of nonabdominal operation in peritoneal dialysis patients still needs further study. The clinical effect of APD during nonabdominal operation is discussed in order to provide the basis for the selection of perioperative dialysis methods for peritoneal dialysis patients. Our study found that 58 peritoneal dialysis patients using APD treatment can successfully pass the perioperative period, no serious complications. By comparing the 24-hour urine volume and ultrafiltration volume before and after APD treatment, we found that there was no significant difference in 24-hour urine volume before and after APD treatment, but the ultrafiltration volume after APD treatment was remarkably increased,- 24, 25 which plays an important role in maintaining the postoperative volume balance of patients. 26 The hemoglobin and electrolyte levels of the patients were basically stable before and after treatment, which was helpful to maintain the stability of the internal environment. Similar to the relevant findings, serum creatinine and urea nitrogen levels were significantly descendant after APD than before, suggesting that APD treatment can more thoroughly remove toxins and improve dialysis adequacy. 27, 28 These findings were similar to the previous results. The decrease of PTH after nonabdominal surgery in this study was probably attributed to the high proportion of parathyroidectomy, which was the side-effect of parathyroidectomy, 29 but not to APD. In addition, APD treatment has a side effect, that is, the patient's albumin decreased significantly, considered may be related to the surgical stress consumption and APD itself lead to protein loss. A recent study suggested that peritoneal albumin loss might even be somewhat higher in APD compared to CAPD patients. 30 From this point of view, this result may be explained. To sum up, the utilization of APD during nonabdominal surgery perioperative period can improve ultrafiltration capacity, eliminate toxins, control volume, correct water, electrolyte and acid-base balance disorders. Therefore, APD treatment can be considered as an effective and enforceable strategy.
In clinical work, many doctors may prefer that CRRT has little effect on hemodynamics and can maintain the stability of arterial pressure and effective renal perfusion to a certain extent. 31 However, CRRT requires temporary hemodialysis catheterization, which may increase the risk of infection and prolong hospitalization. [32] [33] [34] [35] [36] [37] APD treatment does not require additional blood purification pathways, and its clinical operation is simple and can reduce the workload of medical staff and patients. And compared with hemodialysis, the low cost of APD treatment can reduce the economic burden of patients to a large extent. 38 This study was a single-center, retrospective cohort study with a relatively small sample size. Therefore, the clinical application of APD in the perioperative period of peritoneal dialysis still needs to be further confirmed by multicenter clinical research.
Conclusion
APD mode can effectively remove uremic toxins, correct electrolyte imbalance and reduce capacity load. The application of APD is safe and effective for peritoneal dialysis patients undergoing nonabdominal surgery during the perioperative period.
